Objective The management of patients with asymptomatic, severe aortic stenosis (AS) is controversial. We performed a meta-analysis to examine the impact on outcomes of aortic valve replacement (AVR) in patients with severe asymptomatic AS versus a symptom-driven intervention approach. Methods A search for studies that examined the outcomes of AVR and management of asymptomatic severe AS was performed. We examined the end points of all-cause mortality, cardiac mortality and sudden cardiac death. Our analysis compared early AVR in asymptomatic patients with a symptom-driven AVR approach (excluding symptomatic patients who did not undergo AVR).
INTRODUCTION
Aortic stenosis (AS) affects >10% of the population >65 years. 1 Aortic valve replacement (AVR) is recommended for symptomatic patients with severe AS as the prognosis without intervention is dismal. 2 The management of asymptomatic patients with severe AS is controversial. Observational studies have shown the annual risk of sudden death is about 1% per year. 3 The risk of AVR will vary depending on patient comorbidities, although it has been falling. 4 Current guidelines do not recommend intervention in asymptomatic patients unless they are in certain high-risk groups such as those with very severe asymptomatic AS or those with haemodynamic changes on exercise. 5 There have been several observational studies looking at the outcome of patients with asymptomatic AS. [6] [7] [8] [9] [10] [11] Two recent studies have suggested benefit from early AVR in asymptomatic patients. 6 7 Interpretation of these studies and translation into clinical practice is difficult as a proportion of patients in the observation/symptom-driven arm often did not undergo AVR despite developing symptoms. No randomised controlled trials have been conducted to test this hypothesis.
We conducted a meta-analysis of these studies to determine whether early AVR compared with symptom-driven AVR is beneficial in patients with severe asymptomatic AS.
METHODS

Search strategy
An electronic search on the Web of Knowledge comprising Medline, Web of Science, BIOSIS and Data Citation Index was performed. The search was performed and included studies published until July 2016. The search terms used were 'asymptomatic', 'AS', 'outcomes', 'AVR' and 'surgery'. No language constraints were applied to the search.
Study selection
Two independent reviewers (WYL and AR) screened all articles to identify potentially eligible studies. The full text of these potentially eligible studies was then evaluated to determine the eligibility of the study for the meta-analysis. The reference lists of these articles were also reviewed. All 'reviews', 'case reports', 'letters', 'meetings' and 'abstracts' were excluded. Studies selected were required to examine the outcome of patients with asymptomatic severe AS and include both asymptomatic patients treated with an early AVR and asymptomatic patients treated with a symptombased AVR strategy (referral for AVR when patients became symptomatic only). Only studies with survival data were included. Studies would have to define severe AS as an aortic valve area ≤1 cm 2 or peak aortic velocity ≥4 m/s. Where multiple studies were conducted on the same population of patients, only one study was included. A Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart detailing the selection process is included in figure 1 .
End points
The primary end point was all-cause mortality. Secondary end points were cardiac mortality and sudden cardiac death. Cardiac mortality was defined as death due to heart failure, myocardial infarction, sudden death, aortic valve procedure-related death, infective endocarditis, stroke and aortic/peripheral vascular disease.
The analysis compared the outcomes of patients undergoing early AVR to patients within a symptom-driven AVR protocol ( patients either underwent AVR after developing symptoms or remained asymptomatic). Patients who developed symptoms but did not undergo AVR were excluded.
Statistics
OR and 95% CI was calculated for each end point using both a random effects and fixed model. Early AVR was considered as the experimental group and therefore an OR <1 favours early AVR. Statistical heterogeneity was assessed and quantified using the Cochran Q test and the I 2 statistic. p Values <0.05 were considered significant. All values were two-sided. Statistical analysis was performed using Review Manager 5.3. Publication bias was analysed using funnel plots and Egger test. This analysis was performed using Stats Direct, V.3.0.124.
RESULTS
A total of four published papers met the search criteria (table 1). All were observational studies. A total of 1300 patients were enrolled in the studies. Overall, there was significant heterogeneity between studies I 2 =72%. Overall, there was no significant publication bias (p=0.71).
Effect of AVR on overall mortality
All four studies included data on overall mortality. In a random-effects model, early AVR in patients with asymptomatic severe AS was associated a trend towards reduced overall mortality compared with a symptom-driven AVR approach (OR 0.54, 95% CI 0.26 to 1.12, p=0.1) (figure 2A). Using a fixed-effects model, early AVR was associated with significantly lower mortality compared with symptom-driven AVR (OR 0.58, 95% CI 0.43 to 0.77, p=0.0002) (figure 2B).
Effect of AVR on cardiac mortality
Three studies (838 patients) included data on cardiac mortality. There was no significant difference in cardiac mortality between patients undergoing early AVR and a symptom-driven AVR approach using a random-effects model (OR 0.78, 95% CI 0.06 to 10.12, p=0.85) ( figure 3A ). There was a trend towards reduced cardiac mortality using a fixed-effects model (OR 0.64, 95% CI 0.38 to 1.08, p=0.10) (figure 3B).
Effect of AVR on sudden cardiac death
Three studies (838 patients) included data on cardiac sudden death (91 events). Using a random-effects model, there was no significant difference in mortality due to sudden death between patients undergoing early AVR and those treated with a symptom-driven AVR approach (OR 0.34, 95% CI 0.06 to 2.11, p=0.25). However, using a fixed-effects model early AVR was associated with a trend towards a reduction in risk of sudden death compared with a symptom-driven approach (OR 0.44, 95% CI 0.20 to 1.00, p=0.05).
DISCUSSION
A key dilemma is whether the risk of AVR in a patient with asymptomatic severe AS outweighs the risk of sudden death if a patient was to be followed up using a symptom-guided approach. Two recent, non-randomised, observational studies have suggested early AVR is associated with a mortality benefit 6 7 compared with patients treated 'conventionally'. A recent meta-analysis confirmed these findings. 12 However, in all of these studies a large proportion of patients who developed symptoms did not undergo AVR, illustrating a potential bias in non-randomised studies. Therefore, we analysed our data comparing early AVR in asymptomatic patients to a symptom-driven AVR approach. Given the heterogeneity between studies (different time periods, hospitals, follow-up periods, patient demographics), the true effect may vary from study to study and therefore a random-effects model may be preferable. Using the random-effects model, the data suggest early AVR may be associated with reduced overall mortality compared with a symptom-based AVR approach, but there does not seem to be a significant effect on cardiac mortality and sudden death. In view of this, we do not believe the data are sufficient to change clinical practice until more robust, randomised data are available.
The risk stratification of patients with asymptomatic severe AS is complex. Patients with moderate or severe aortic valve calcification and a rapid increase in aortic jet velocity (≥0.3 m/s increase in aortic velocity per year), very severe AS (aortic velocity ≥5 m/s or mean pressure gradient ≥60 mm Hg) and those with adverse haemodynamic changes during exercise (fall in blood pressure during exercise) have a high likelihood of cardiac events in the next couple of years.
11 13 14 International guidelines recommend consideration of early AVR in these groups, but do not recommend intervention in all asymptomatic patients. 5 Recently, the concept of adverse risk relating to the severity of AS has been extended to aortic valve area. Maréchaux et al 15 demonstrated the risk of mortality in asymptomatic patients increased as aortic valve area reduced. Patients with an aortic valve area ≤0.6 cm 2 had a threefold increased risk of mortality compared with those with an aortic valve area of >0.6 cm 2 . There are several other proposed markers of prognosis in severe asymptomatic AS. 3 However, many of these use a combined end point of AVR and death. As AVR is usually performed on development of symptoms, these markers may be predictive of symptom development rather than pure mortality. The risk of sudden death per year varies between the population of patients studied. A rate of sudden death from 0.2% to 13.3% per year has been reported. 3 The variation is likely to represent differences in both individual patient risk and the method of follow-up. One of the drawbacks of waiting for symptoms is the difficulty in ensuring patient adherence to prompt reporting of symptoms and follow-up. It also possible some patients become higher risk for AVR at the time of becoming symptomatic if they develop complications such as heart failure. In addition, assessing symptom status can be difficult. A recent community-based study in patients with a mean age of 74 years showed symptoms of dyspnoea on exertion, angina and near syncope are not specific for severe AS and occur in 39% of patients with mild AS. 16 This highlights the difficulty in symptom assessment in elderly patients with impaired mobility and comorbidities. The risk of AVR will depend on both shortterm perioperative risk (dependent on age and comorbidities) and longer-term risk (stroke, valve reoperation, endocarditis, bleeding). 17 There has been a decline in the mortality of AVR over the past decade, particularly in centres that offer transcatheter aortic valve implantation. 18 Therefore, an individualised approach taking account of these factors is required for an individual patient decision.
A limitation of our analysis is all the studies analysed were observational and are subject to possible selection bias. The outcome data were not uniform between studies, and therefore not all studies could be included in each subanalysis and HRs could not be calculated. There was significant heterogeneity between studies, which spanned three decades with differing follow-up duration. The definition of severe AS varied between studies, and, consequently, in some patients with subtypes of AS, that is, pseudo-severe AS may have been included. Furthermore, there was no standardised assessment of symptom status (exercise testing) or identification of adherence to follow-up protocols.
A randomised controlled trial in asymptomatic severe AS is currently underway, and this would add important data that would help define management strategies. 19 We would advocate waiting for the results of this trial prior to making firm recommendations for the management of this patient group.
Our analysis of the published data suggests early AVR may be associated with reduced overall mortality compared with a symptom-based AVR approach, but there does not seem to be a significant effect on cardiac mortality and sudden death. In view of this, an individual approach focusing on individual risk stratification and operative mortality is required until more robust data are available.
Key messages
What is already known on this subject? The optimal management of patients with asymptomatic severe aortic stenosis (AS) is uncertain. Guidelines do not recommend routine early aortic valve replacement (AVR) in asymptomatic patients unless certain high-risk features are present. However, several recent studies have suggested benefit from early AVR in asymptomatic patients.
What might this study add? This is the first study to examine the outcome of early AVR in patients with asymptomatic severe AS to a symptom driven AVR approach. Although there was a trend towards reduced overall mortality from early AVR compared with a symptom-driven AVR approach, the published data are not robust enough to support this as generalised approach at present.
How might this impact on clinical practice?
An individual approach focusing on individual risk stratification and operative mortality is required until randomised data are available. Figure 3 (A) Random-effects model comparing cardiac mortality between patients with asymptomatic severe aortic stenosis undergoing early aortic valve replacement (AVR) and patients on a symptom-driven AVR protocol. (B) Fixed-effects model comparing cardiac mortality between patients with asymptomatic severe aortic stenosis undergoing early AVR and patients on a symptom-driven AVR protocol.
